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Water soluble combination of a drug, particularly having molecular weight 

of at least 3,000, esp. oligo- or poly-peptide drug, and combination of a 
drug and water soluble pullulan target ting the liver, is new. 

Preferably drug for treatment of the liver is bound with pullulan by 
chemical binding e.g. cyanuric chloride. 

USE - The combination is used for selective treatment of liver 
diseases including cancer, infectious diseases, disturbance of circulation 
and inflammation by targetting the liver. 

In an example, in 3 ml of an aqueous solution containing 50 mg 
pullulan, 1 ml of DMF containing 20 mg/ml cyanuric chloride was added and 
stirred for 3 hours to introduce cyanuric acid residue in OH group of 
pullulan. The product was purified and 1 ml of egg white lysozyme (Lyz) at 
a concentration of 40 micro-g/ml was added to effect reaction at 4 degrees 
C for 12 hours and to give Lyz -pullulan. The product is useful for 
selective introduction of Lyz in liver. 
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(72) [Inventor] 

[Name] Field Yasuhiko 

(57) [Abstract] 

[Objective] Ibis invention internal dynamics of drug changing by 
with inside the body connectingthe unstable drugwith water 
soluble polymeric carrier pullulan , especially, offers formulation 
which makes thetargeting to liver of drug possible. 

[Effect(s)] As for water soluble drug -pullulan-bound carrier formula 
tion of this invention, it is possible, to grant targeting ability tothe 
liver to drug because of that, drug dose for manifestation of drug 
effect itcan decrease. As a result, it becomes possible to decrease 
side effect of cause inlowness of drug large dose administration , and 
its target indicator characteristic. You can expect application other 
than remedy due to anticancer agent andthe antiinflammtion agent 
for liver cancer and hepatitis, prevention drug of bacterial or viral 
infectionregarding liver, as therapeutic. 

[Gaines)] 

[Claim 1] Water soluble bound carrier formulation which designated 
targeting to liver of drug as theobject, consists of drug and water- 
soluble pullulan. 

[Claim 2] Drug -pullulan water-soluble carrier formulation for liver t 
argeting which is stated in Claim 1 where molecular weightof drug 
which it uses is 3,00 0 or greater. 

[Claim 3] Drug -pullulan water-soluble carrier formulation for liver t 
argeting which is stated in Claim 1 where molecular weightof drug 
which it uses is oligo or polypeptide drug of 3,00 0 or greater. 
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Prescription of the Invention] 
[0001] 

[Held of Industrial Application] As for this invention, including wit 
h drug and water-soluble pullulan, water solubility drug -pullulan- 
bound carrier formiation which becomes, And it regards targeting 
to liver of those water-soluble carrier formulation and 
thereinforcement of drug effect. 

[0002] 

[Prior Art] At time of prescribing drug to patient, it is general dueto 
administration or injection or other method As for drug which is 
prescribed, concentration in inside the body cannot beshown, 
below uniformity as for drug effect in addition, when converselyit is 
too high, cannot ignore influence of side effect. Presently, 
biological lifetime with inside the body of drug which is used 
issbort, because furthermore also indicator characteristic to targeted 
action site is low, thedrug administration of large amount is done as 
irethod which reveals effect ofthe drug. It is thought that it is a one 
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of cause where this haspromoted side effect of drug 

[0003] In any case, among drug which are prescribed to inside the b 
ody, whilethe activity is kept only drug which arrives in targeted 
action site to showthe remedial effect, remaining portion becoming 
invalid, or operating thetmnecessary site depending upon when it 
becomes cause of side effect. Therefore, drug selectively fact that it 
operates, is required conditionin order to do drug therapeutic 
method effectively in target site. You call that property which 
points target site with inside the body is givento drug targeting 
(targeting) if, but this targeting ability is can be granted to thedrug, 
as adninistered dosage in order to reveal drug effect it can decrease, 
youcan expect al so decrease of si de effect of drug due to the large 
dose adninistratioa 

[0004] Conversion for targeting is method of thinking of becoming b 
asis in all drug, butespecially, cytotoxicity and side effect are strong, 
therapeutic index being small/with anticancer agent where 
administration method is difficult as beginning, antibacterial agent , 
the cardiovascular drug and anit-inflamrmtion drug etc it is listed 
as object of research and development. But, if it does not have 
specificity vis-a-vis org^n where organic cherricaland antibiotic of 
low molecular weight excretion from organism are quick, is thatitsel£ 
you cannot expect drug effect. 

[0005] In addition, various physiological activity peptide which b 
ecomes candidate substance of drug dependingupon progress of 
genetic engineering of recent years, and nucleic acid (for example 
anti sense DNA) etc^hich is used for genetic therapeutic, lifetime 
with in-vi vo becomes short,the targeting with necessary. When 
drug is prescribed in existing form, in order inactivation isdone with 
in-vivo environment, to move to site outside objective, 
withoutarriving in target, it causes side effect. Vis-a-vis this kind of 
drug, it uses substance which possesses a someaflfinity in targeted 
action site for carrier, it can achieve targeting by placingthe drug in 

inside the body behavior pattern of carrier. 

i 

i 

[0006] This kind of, it is necessary in targeting of drug v&ich uses t 
he carrier to know destiny with inside the body of drug carrier itself. 
But, as drug carrier systematic research regarding internal dynamics 
of water soluble polymeris not excessively done. Barely, research 
regarding dextran and its derivative which are a water-soluble 
polysaccharide only is done, (Such as J. Co ntrolledRelease, Vol.3 1 , 
pl63 and 1994 such as for example HashidaM). 

[0007] Then, these inventors inspects distribution in the body of v 
arious synthesis and natural water soluble polymer,the distribution 
receives molecular weight and electric charge or other influence 
strongly, andthe fact that pullulan shows affinity to highest liver 
among those wasdiscovered, ( Drug Delivery , Vol.1 andp75, 
1993 such as Yamaoka,T.). 

[0008] Pullulan fermentation is a-glucan which is produced with 
Aureobasidiumpullulans microbe withthe partial hydrolysis 
product of starch as starting material, maltotriose which consists of 
the fructose 3 being a- 1,6-bond, is water soluble polymer of 
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straight chain which linkage isdone. It is used widely presently, as 
food additive and drug auxiliary agent, ( Kawahara Kazuo , Seiyaku 
Koba, Vol.4,pl25 and 1984). 

[0009] In regard to targeting to liver of drug dextran which has pos 
itive electric charge (P ha rmRes, VoL7 , p339 and 1990 such as 
Takakura,Y.) or liposome ( Biochemical Society Transactions , Vol. 
15 , p345 and 1987 such as Scherphof,G.L), passive targeting , and 
asialofetuin which use albumn fine particle ( Cherrical & 
Pharmaceutical Bulletin (0009-2363, CPBTAL) , Vol.27 , p204 and 
1979 such as Sugibayashi^) etc for thecarrier (FEBS Letter, Vol. 
116,pl85andl980 suchasFiume,L), gdacto^ylated albumin 
(FEBS Letter, Vol. 146 , p42 and 1982 such as Fiume,L), active 
targeting or other many research which uses galactose-modified 
liposome ( Bi ochemMed, Vol.33 , pl24 and 1985 such as DasJ\K) 
etc is reported so far, but doing concerning to liver byusing 
pullulan at time of these researching, drugtargetingttisnot 
suggested 



[0010] In addition, there is statement concerning chemical modificati 
on of egg albuminwhich uses pullulan in Usui JVL or other report ( 
Journal of Immnology (0022-1767, JOIMA3) , Vol.122 andpl266. 
1979), but this is rerx>rtconcerrring control of IgE production for egg 
albumin due to pullulan modification,concerning targeting to liver 
due to pullulan modification it is not stated 

[0011] 

[Problems to be Solved by the Invention] This invention internal dy 
narrics of drug changing by with inside the body connectingthe 
unstable drug with water soluble polymeric carrier pullulan , is 
something which especially, will offerthe formulation which makes 
targeting to liver of drug possible. 

[0012] 

[Means to Solve the Problems] Fact that manifestation of drug effect 
of drug where as for these inventors targetingto liver of drug 
becomes possible by cherrical modification doing thedrug result of 
diligent investigation, making use of pullulan where affinity tothe 
liver is high in order to solve above-mentioned problem in the liver 
quite becomes profitable was discovered, this invention 
wascorrpleted 

[0013] Below, technically constitution of this invention is explaine 
din detail. It can acquire drug -pdlulan-bound carrier formiation 
of this invention with method below. Including dimetl^formanide 
solution of cyanuryl chloride to in aqueous solution of pullulan, 
thecyanuryl residue is introduced into pullulan. After reacting 
unreacted cyanuryl chloride is removed with gel filtration . Next, it 
throws these cyanurylated pullulan to in aqueous solution which 
includes drugthe cherrical bond does drug and pullulan. drug 
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which has not been connected by gel filtration doing reaction 
product,the separation and removal is done, water soluble drug - 
pullulan-bound carrier is obtained 

[0014] antibacterial agent , cardiovascular drug, amt-inflammation 
drug , and hormone or other low molecular weight drug , and 
interferon , the interleukin , various cell growth factor and growth 
factor or other polypeptide drug , furthermore nucleic acid or other 
various ones which includethe anti sense DNA can be used in 
addition to anticancer ag^nl as drug which isused for this invention 

[00 15] As pullulan which is used for this invention especially it is 
not limted,but, from feet that targeting ability to liver is high, 
molecular weight thepullulan of 20,00 0 or greater is desirable even 
among them 

[0016] In addition, if it is something which forms chemical bond wit 
h hydroxylof periodic acid oxidation method , cyanuryi chloride 
method , cyanogen bromide method or epichlorohydrin method or 
other pullulan and amino group of thedrug as binding reaction of 
drug and pullulan, is not something whichespecially is limited, but 
cyanuryi chloride method is ideal. Especially, when drug is things 
such as peptide or polypeptide-like,as for pH at time of binding 
reaction as for 7 vicinity and the tenperature for exanple 4 °C or 
other low tenperature is desirable. In addition, after introducing 
carboxyl group to hydroxy! of pullulan,the carbodiimide , N- 
hydroxysuccininide * carbodiimide and ethyl chlorocarbonate etc 
were used, binding reaction with the pullulan carboxyl group and 
drug amino group, After introducing amino group to hydroxy! of 
pullulan, carbodiimide etcwas used, binding reaction with 
pullulan amino group and drug carboxyl group, And after 
intraiucmgairinog^^ cyanuryi chloride 

etc was used, pullulan amino group and binding reaction etc with 
druganino group. It is useful in order to produce drug -pullulan- 
bound carrier foraulatioa Furthermore, as for proportion of 
pullulan and drug is notsometliing which especially is limited, but 
proportion of 10 mole% isdesirable fromO.l vis-a-vis hydroxy! of 
pullulan. 

[0017] Drug -pullulan-bound carrier forrmlation of this invention it 
is a water solubility, it can melt in buffer , the physiological saline 
and injectable solvent or other diluent that way and can use for 
assay or remedy, butafter after lyophilizing, melting in diluent when 
using it is possibleto use. 

[0018] Drug -pullulan water-soluble carrier formulation of this inve 
ntion has following property which is superior inconparison with 
starting drug. 

1) inside the body stability of unstable drug increases remarkably. 

2) internal dynamics of drug it can change. Especially, targeting abi 
lity to liver increases remarkably, by corrparisonwith starting drug 
drug effect is shown with, a less drug dose. 

3) drug effect in liver continues, by corrparison with the starting dm 
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g longer. 
[0019] 

[Working Example(s)] Below, listing Working Example, youexplai 
n in detail concerning this invention,but tbis invention is not 
something which eye fixed is done in Working Exanplebelow. 

[0020] 

[Working Example 1] DinEthyiformanide solution 1 ni of cyanuryi c 
hloride of 20 mg/ml concentration was added to in 3 ml aqueous 
solution whichincludes pullulan ( molecular weight 200,000 and 
Tokyo Kasei Kogyo Co. Ltd (DN 69-058-7365) make) of 50 nqg 
After adjusting pH 8.5, cyanuryi residue was introduced to 
thehydroxyi of pullulan in ice bath, 3 hours , by agitating After 
reacting unreacted cyanuryi chloride was removed with gel 
filtration (PD-10 Co lurm, Sephadex G-25, Pharmacia Biotech 
supplied) . eluate which is used for gel filtration is phosphate buffer 
solution (PB) of 0.05M whichincludes sodium chloride of 0.05M of 
pH 7.0. introduction ratio to pullulan hydroxy! of cyanuryi residue 
in under this reaction condition was 1 .5 mole% (cyanuryi residue / 
hydroxy!). Next, it threw egg white lysozyme [ Wako Pure 
Chenical Industries Ltd (DN 69-059-8875) make] (Below, Lyz it 
does) solution 1 ni (40 \igfrd) to in PB solution 1 ni of 
cyanurylated pullulanlO mg/ml concentration, connected with Lyz 
and pullulan- condition of binding reaction, is 4 °C , 1 2 hours 
and pH7.0. gel filtration (column of Sephacryl -S200 and 0.5 cm 
internal diameter ,36 cmlong eluate PB and elutionrate 0.33 
ml/min ) of reaction product was done, release Lyz which has not 
beenconnected separation and removal was done fromLyz-pullulan 
bound carrier, amount of protein (amount of Lyz) and amount of 
polysaccharide (amount of pullulan) of Lyz-pullulan bound carrier, 
respectively, with BioRad Protein Assay method andthe anthrone- 
sulfuric acid method when quantification it does, recovery ratio of 
pullulan was the95 %, amount of protein which is connected to 
bound carrier was 46 % of th£ amount of added protein. When you 
appraise ( Agricultural and Biological Chemistry (ISSN 0002-1369, 
CODENABCHA6) , Vol.35 and 1 154,1971 such as Imoto,T.,) from 
hydrolysis activity of chitin derivative in Lyz activity of the Lyz- 
pullulan bound carrier in vitro, recovery ratio of Lyz activity in 
approximately binding reaction wasthe 25.4 %. 

[0021] 

[Working Example 2] Other than protein which it uses is trypsin [ 
Wako Pure Chemical Industries Ltd (DN 69-059-8875) make] 
(Below, Try it does), Try-pulMan-bound carrier wasproduced with 
method which is similar to Working Example 1 . amount of protein 
(amount of Try) and amount of polysaccharide (amount of pullulan) 
of Try-pulMan-bound carrier which is acqufred^espectively, with 
BioRad Protein Assay method and anthrone-sulfuric acid method 
when quantification it does, therecovery ratio of pullulan was 97 %, 
amount of protein which is connected to the bound carrier was 55 % 
of amount of added proteia When you appraise (Methods Enzy 
mol. s Vol.19 and41,1970 suchas WalshJKA,) from hydrolysis 
activity of artificial substrate (p-toluene sulfonyi-L-alginyl- 
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JSffiifcPB* SdJilgO. 33ml/tnln)Sfi 
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methylester) in Try activity of theTry-pullulan-bound carrier in vitro, 
recovery ratio of Try activity in approximately binding reaction 
wasthe44.4% 

[0022] 

[Working Example 3] Other than protein which it uses is myoglobin 
Wako Pure Chemical Industries Ltd (DN 69-059-8875) supplied ] 
(Below, Myo it does), Myo-pullulan-bound carrier wasproduced 
with method which is similar to Working Example 1 . amount of 
protein (amount of Myo) and amount of polysaccharide (amount of 
pullulan) of Myo-pullulan-bound carrier which is acquired, 
respectively, with BioRad Protein Assay method and anthrone- 
sulfuric acid method when quantification it does, therecovery ratio 
of pullulan was 96 %, amount of protein which is connected to the 
bound carrier was 60 % of amount of added protein. 

[0023] 

[Working Example 4] To in aqueous solution of 5 ml which includes 
pullulan ( molecular weight 200,000 and Tokyo Kasei Kogyo Co. 
Ltd (DN 69-058-7365) make) of 162 mg,the sodium periodate 
aqueous solution 5 ml which has concentration which differs was 
added aldehyde group was introduced to pullulan due to 4 °C, 1 
2 hours andagitating under light blocking After reacting 
unreacted sodium periodate was removed 4 °C and by 2 day 
dialysis doingvis-a-vis water. When molar proportion for pullulan 
glucose residue of sodium periodate in addition it makes the 1/60, 
1/4 0,1/20,1/10, and 1/5, introduction ratio of aldehyde residue to 
pullularyespectively, became 0.8,1.0,1.0,1.3, and 1.3 mDle% 
(aldehyde residue / glucose residue). Next, it threw Lyz boric acid 
buffer solution (pH 9.0,0.2M) 1 ml of 8.0 mg'ml concentration to in 
aqueous solution 1 ml of oxidi zed pullulan (aldehyde introduction 
ratio 1.0 mole%) ofthe 50 mg'ml concentration, connected with Lyz 
and pullulan As for reaction time as for 2 0 hour and temperature it 
is a 4, a25, and a 37 °C After reaction termination, sodium 
borohydride of 10 mg'ml concentration 0. 1 ml was added gel 
filtration (column of Sephacryi -S200 and 0.5 cm internal diameter , 
36cmlong, eluatePBand elution rate 0.33 ml/min) of reaction 
product was done, release Lyz which has not beenconnected 
separation and removal was done from Lyz-pullulan bound carrier, 
amount of protein (amount of Lyz) and amount of polysaccharide 
(amount of pullulan) of Lyz-pullulan bound carrier, respectively, 
with BioRad Protein Assay method andthe anthrone-sulfuric acid 
method when quantification it does, recovery ratio of pullulan was 
95 %regprdless of reaction temperature, binding protein quantity 
where amount of protein which is connected to bound 
carrierincreases, with rise of binding reaction temperature in 4, 25, 
and the37 °C, respectively, 34 of amount of added protein, was 47, 
and the68 %, Lys activity of Lyz-pullulan bound carrier was 15.9, 
20.4, and 35.6 % of theaddition Lyz activity. 

[0024] 

[Working Example 5] Protein which it uses being Try, introduction 
ratio of aldehyde residue to the pullulan being 1.0 mole% (aldehyde 
residue / glucose residue), and other than reaction temperature is 25 
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°Q theTry-pullular>bound carrier was produced with method 
which is similar to Working Exairple 4. recovery ratio of pullulan 
of Try-pulMan-bound carrier which is acquired wasthe 94 %, 
anDuntofprotdnwttchisccmrjectedto bound carrier was 49% 
ofthe amount of added protein. When Try activity of Try-pullular> 
bound carrier was measured, recovery ratio of Try activity 
inapproximately binding reaction was 44.4 %. 

[0025] 

[Working Example 6] After prescribing water soluble Lyz-pullulan 
bound carrier which is produced with Working Example 1 to 
insidethe mouse tail vein inside the body distribution was 
inspected release Lyz of 20 (Jg^ni and PB solution 100 pi of Lyz- 
pullulan bound carrier and 0.5M phosphate buffer solution (pH 7.5) 
of the200 jil were mixed as Lyz concentration Na 1251 (3.7 
GBq/ni 0. 1 M NaOH solutionJMEN Research Pro ducts supplied) 
of4|jl was added to in this solutioa 200 jul after adding 0.05M 
phosphate buffer solution (pH 7.2) of cttoramine T of 0.2 mgfal 
concentration, 2 rrin and labelling reaction were done with room 
temperature . Next, reaction was stopped including PB solution of 4 
rr^ml sodiumbisulfite of the200 jil. separation and removal it does 
1251 - which passing reaction product cool in colurm,the labelling 

has not been done anionic exchange resin (Dowex 1-X8). It made 
this way and it prescribed 1251 labelling release Lyz or 1251 
labelled Lyz-pullulan bound carrier which isacqiired to inside tail 
vein ofBalb/c mouse (9 weeks old , scalpel and three 
animal s / group). Dosage 1, after 3, and 2 4 hours, blood , the heart , 
lung, thymus, liver, spleen, kidney , the gastrointestine tract 
and thyroid , site , and urine and droppings etcother than that it 
recovered, measured radioactivity of respectiveorgan with gums 
counter . Result in Table 1 Shimesu. 

[0026] 
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[Table 1] 
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[0027] Organ where it can recognize clear difference in inside the bo 
dydistribution is liver and spleen, by chemical modification doing 
with the pullulan , stored amount of Lyz it has become high 
significantly bycorrparison with free Lyz. stored amount to this 
high liver was recognized in after dosage2 4 hours. In regard to 
or^n other than that, big difference was notrecognized with free 
Lys and Lyz-pullulan bound carrier. These results have shown fact 
that it can achieve targeting of theLyz to liver Lyz by chemical 
modification doing with pullulan. In addition, by comparison with 
free Lyz, also residence of Lyzin liver was done lengthening 

[0028] 

[Working Example 7] After prescribing water solubility Try-pullula 
n-bound carrier which is produced with Working Example 2 to 
insidethe mouse tail vein inside the body distribution was 
inspected Other than using trypsin as protein, it is same as 
Working Exarrple 6. accumulation (%) of radioactivity in liver of 
free Try and Try-pullulan-bound carrier Respectively, 1 .98± 0. 1 0 
and 46.1ftt0.68 (after dosage 1 hour), 0.45± 0.1 5 and 32.7± 0. 1 
9 (Rear of dosage 3 hours),and was 0.32± 0.1 0 and 10.£H).67 ( 
after dosage 2 4 hours). This way, free Try comparing by chemical 
modification doing with pullulan , thestored amount to liver of Try 
has becorrE high significantly, stored amount to this high liver was 
recognized in after dosage2 4 hours. In regard to organ other than 
that, big difference was notrecognized with free Try and Try- 
pullulan-bound carrier. In addition, by corrparison with free Try, 
also residence of Tryin liver was lengthening 
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[0029] 

[Effects of the Invention] If to drug targeting ability to liver can be gr 
anted is with tb^s invention, drug dose for manifestation of drug 
effect be able to decrease. As a resit, side effect which cause is done 
can be decreased inl owness of drug large dose adnirristration , and 
its target indicator characteristic. You can expect application other 
than rerredy due to anticancer agent andthe antiinflanrration agent 
for liver cancer hepatitis, as prevention drug , therapeutic of 
bacterial or viral infection regarding the liver. 
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